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Indian Standard 

MANUAL FOR PLANNING OF 
( SSB ) PLC SYSTEMS 

PART II PLC SYSTEMS PLANNIWG 
0. FOREWORD 

0.1 This Indian Standard ( Part II ) was adopted by the Indian Standards 
Institution on 10 June 1980, after the draft finalized by the Power Line 
Carrier Systems and Associated Telecontrol Equipment Sectional Commi- 
ttee had been approved by the Electronics and Telecommunication 
Division Council. 

0.2 This manual is intended to be used as a guide to good practice when 
designing power line carrier systems and also to the use of the following 
Indian Standards: 

IS : 8792-1978 Line traps 

IS : 9348-1979 Coupling capacitors and capacitor dividers 

IS : 8997-1978 Coupling devices for power line carrier systems 

IS : 9182-1978 Characteristic values of inputs and outputs of single 
sideband PLC terminals 

IS ; 3156 { Part IV )-l978 Voltage transformers : Part IV Capaci- 
tor voltage transformers 

IS : 5802 Flexible coaxial radio frequency cables with 

characteristic impedance 75Q 

0.3 This standard ( Part II ) covers power line carrier system planning. 
Part I of this standard covers PLC systems, namely, PLC frequencies, 
applications and coupling methods. 

0.4 While preparing this standard, assistance has been derived from Doc: 
57 ( Central Office ) 16 Manual for the planning of ( SSB ) power Hne 
carrier systems, issued by International Electrotechnical Commission. 

0-5 For the purpose of deciding whether a particular requirement of this 
standard is complied with, the final value, observed or calculated, express- 
ing the result of a test or analysis, shall be rounded off in accordance 
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with IS : 2-1960*. The number of significant places retained in the roun- 
ded off value should be the same as that of the specified value in this 
standard. 



1. SCOPE 

1.1 This standard (Part II ) deals with planning of power line carrier 
( PLC ) systems. It provides specific information on the properties and 
the performance of power line carrier systems and associated equipment 
useful to the systems planning engineer, and on the precautions to be 
taken in order to ensure that PLC radiations do not interfere with other 
radio-communication services, 

SECTION 1 CARRIER FREQUENCIES 

2. SYSTEM BANDWIDTH 

2.1 The majority of ( SSB ) PLC systems that are available are arranged 
for 2-5 and 4 kHz nominal carrier frequency band in the carrier frequency 
range. 

The following table lists typical values for the effectively transmitted 
band for a one-way single channel. 

Nominal Carrier Use Effectively Transmitted 

Frequency Band Speech and Signal Bands 

4 kHz Speech 300 Hz — 3-4 kHz 

Signals 300 Hz — 3 '4 kHz or more 

Speech plus 300 Hz — 2 4 kHz plus 

Signals 2*64 kHz — 3*4 kHz or more 

300 Hz — 2 kHz plus 
2-16 kHz — 3-4 kHz or more 

2-5 kHz Speech 300 Hz — 2-4 kHz 

Signals ' 300 Hz -— 2-4 kHz or more 

Speech plus 300 Hz — 2-0 kHz plus 

Signals 2*16 kHz — 2'4 kHz or more 

It should be noted that PLC equipment used for protection signal- 
ling only, may use a nominal carrier frequency band of less than the 



♦Rules for rounding off numerical values ( revised). 
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values quoted above, but values that are not compatible with the nominal 
carrier frequency band used throughout a system may be wasteful of 
frequency spectrum. 

3. FREdUENCY ALLOCATION 

3.1 Most of the multi-purpose PLC systems require a bandwidth of 4 kHz 
for each direction of transmission; therefore, the available range of carrier 
frequencies ( 30 kHz to 500 kHz ) is divided into a number of channels 
each 4 kHz wide. Two of these will be required for each two-way carrier 
circuit but they need not necessarily be adjacent. Where bandwidths of 
2'5 kHz are in use, the channels are 2 "5 kHz wide, two of these being 
required for each two-way carrier circuit. Other channel widths may be 
adopted to suit special needs. 

The frequency allocation for a PLC circuit has to take the following 
requirements into account: 

a) As already mentioned in Section 1 of Part I of this standard, 
some channels have to be totally barred or restricted in certain 
areas because of various radio services in particular for aeronauti- 
cal radio beacons, since signals received on board aircraft may 
give false radio compass indications in the event of interference. 
Cognizance should also be taken of the possibility of transferred 
signals [ see (c) below ]. 

b) As the attenuation increases with frequency it is preferable to 
use the lowest frequencies of the available range for the longer 
PLC links ( say 250 km or more ) and particularly for the case 
of long flat formation transposed lines, 

c) As the power lines form a closed mesh, a frequency used on one 
section of a network may appear in other sections with a level 
high enough to cause interference. This limits the extent to which 
the same frequencies can be re-used in the network. The inter- 
ference can be due partly to leakage across line traps and partly 
due to inductive and capacitive coupling with untrapped con- 
ductors. The same frequency may be re-used for two different PLC 
systems working on lines forming a common system if the two 
are separated by at least two line sections with intermediate 
stations. If the two PLC systems are used on power lines working 
at different voltages, it is possible that there will be no mutual 
interference, even if these lines terminate at the same station, 
due to the losses in the power transformer at carrier frequencies 
unless appreciable parallelism of the lines exist. DifKculties may 
be caused due to the changing configuration of a power network 
as it develops and extends to meet increased power demand. 
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On a PLC-network which has reached saturation, in carrier 
frequency allocation a practical solution to enable frequencies to be 
re-used on certain sections is by carrier decoupling, that is, the net- 
work can virtually be split into two parts by means of line traps and 
coupling capacitors in all 3 phases acting as a band stop filter. 



SECTION 2 OVERALL LOSS 

4. LOSS CONSTITUENTS 

4.1 The overall loss of a PLC circuit consists of the line attenuation and 
the coupling losses. 

The line attenuation is primarily a function of the following 
parameters: 

a) Line length and conductor configuration; 

b) Structure of phase conductors, material, etc; 

c) Structure of ground wire(s), material, etc; 

d) Carrier frequency; 

e) Coupling method; 

f ) Earth resistivity; 

g) Tower effects; 

h) Weather conditions; and 

j ) Discontinuities (transpositions, tapped lines, cable inserts, etc.) 

The coupling losses consist of: 

a) losses in the coupling device and coaxial or balanced pair 
cable, 

b) tapping losses due to leakage of carrier energy through the line 
traps and through the untrapped phases, and 

c) additional losses, for example, losses due to operating carrier sets 
in parallel. 

5. LINE ATTENUATION 

5.1 Modal Analysis — Analysis of a multi-conductor line shows that 
several modes of carrier signal propagation take place simultaneously. It 
can be shown that the number of natural modes is equal to the number 
of conductors involved in the propagation, for example, 3 modes in the 
case of a single-circuit line with two earth-wires earthed at each tower and 
7 modes in the case of double-circuit line with one insulated earth-wire, 
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The main characteristics of natural modes are: 

a) each mode has its own specific propagation loss, velocity and 
characteristic impedance; 

b) the modes are independent of each other; and 

c) the phase voltage at any location is the vector sum of the phase 
mode voltages at that location similarly the phase current is the 
vector sum of the phase mode currents. 

Modal analysis shows that the coupling arrangement should be 
chosen in such a way that the whole transmitter power is injected into the 
line in the form of the lowest loss mode. For practical coupling arrange- 
ments, such as phase-to-earth, phase-to-phase or inter-circuit coupling, 
the transmitter power is generally injected in the form of a mode-mixture, 
part of it in a high loss ( ground ) mode, this resulting in certain modal 
conversion loss Oq, 

The line attenuation a^ can be calculated as follows: 

aj, =' ai.l + 2^0 + a»da 
where 

flL = line attenuation in dB; 

ai = attenuation constant of the lowest loss mode in 
dB/km; 

ao = modal conversion loss in dB ( see Fig. 1 ); 

«afla = additional loss caused by discontinuities, for example, 
coupling circuit, transposition, etc; in dB ( see Table 
1 ); and 
I = line length in km. 

From the analysis of a considerable amount of experimental material 
and computer calculation the following approximation for ai was found: 



"' « "«-' [^ + 1°-'-/] 



where 



a.1 = attenuation constant of lowest loss mode in dB/km, 

/ = frequency in kHz, 

rfc = diameter of phase conductors in^mm, and 

n = number of phase conductors in bundle. 

A graph based on this formula is given in Fig. 2 and may be used as 
an alternative method of calculation. 
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This formula will give a good approximation ( approximately ± 10 
percent up to 300 kHz, i 20 percent up to 500 kHz ) for most cases with 
line voltages >150 kV and ground resistivities around 100 . 300 Qra. 

TABLE 1 ADDITIONAL LOSS Oadd FOR VARIOUS LINE 

CONFIGURATIONS AND OPTIMUM COUPLING 

ARRANGEMENTS 







(^Clause 5.1 ) 
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5.1.1 Homogeneous Lines — The choice of coupling arrangement is less 
critical for vertical and triangular single-circuit lines than for double- 
circuit lines, but is essential for horizontal line configurations. Optimum 
coupling arrangements and modal coversion loss Oq for horizontal, vertical 
and triangular lines are shown in Fig 1. 

The following approximate figures for the additional loss Cadd can be 
applied to different line configurations, provided that optimum coupling 
arrangements ( see Fig. 1 ) are used: 

a) single-circuit, vertical or tringular: 

%d(3^3 dB for phase-to-earth and phase-to-phase coupling 
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b) double-circuit, vertical or triangular: 

<2acid = 2... 10 dB for phase-to-earth and phase-to-phase coupling 
<^aaa <1 dB for double differential coupling ( Fig. Ik } 

c) single-circuit, horizontal: 

Oa&a — dB for phase-to-earth coupling 
a^dd = 0...6 dB for phase-to-phase coupling 

5.1.2 Inhomogeneous Lines — Inhomogenities such as line transposition, 
tapped lines or junctions of overhead lines with power cables may cause 
serious problems and, therefore, have to be studied carefully when plan- 
ning a PLG network. 

5.1.2.1 Line transpositions can lead to intolerably high line attenu- 
ation under certain circumstances. Their effect on carrier signal transmi- 
ssion depends on the line parameters, line length, coupling arrangement, 
type and number of transpositions, earth resistivity and carrier frequency. 

In the case of single-circuit vertical or triangular line configurations 
the additional loss (^add is virtually independent of carrier frequency, type 
and number of transpositions, provided that coupling is done to galvanic- 
ally through- connected phase conductors. The following figures may be 
assumed: 

Phase-to-earth coupling : Cadd = 6... 12 dB 
Phase-to-phase coupling : ^add =4.. 8 dB 

In the case of double-circuit vertical or triangular line configu- 
rations the additional loss Gadd depends on the number of transposi- 
tions, line parameters, ground resistivity, coupling arrangement and 
the product of carrier frequency and line length; figures of 2,. 10 dB, 
or even 20 dB have been measured. It is advisable, in critical cases, 
to calculate the overall attenuation with the aid of a modal compu- 
ter programme or carry out field measurements should the line be 
available. 

In the case of horizontal line configuration the choice of the correct 
coupling arrangement and carrier frequency range is essential. Assuming 
that the optimum coupling arrangements given in Fig. 3 are used the 
additional loss becomes: 

a) Mid-point transposition 

phase-to-earth coupling ( Fig. 3a ) : <?afl(j == 6 dB 

phase-to-phase coupling ( Fig. 3b/c ) : as.aa = 8-5...12 dB 

for the whole frequency range and any line length, since modal 

cancellation cannot occur. 

U 
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b) Equi-spaced transpositions'. 

In. this case the additional loss depends very much on the 
carrier frequency, line parameters and earth resistivity and there is 
a risk of modal cancellation. 

Therefore, the product of carrier frequency and line length ( f.l ) 
should not exceed 10^ kHz. km for line voltages up to 330 kV and 0*5 X 10^ 
kHz. km for higher voltages. Then for the majority of cases the additional 
loss will be of the order of: 

phase-to-earth coupling ( Fig. 3d ): 

0.^^(1 ~ 1...10 dB earth resistivity p = 1 000 Om 

^afld =3 8 dB earth resistivity 30.. 300 Clra 

phase-to-phase coupling ( Fig. 3e ) 

^a.d<x = 0...8 dB earth resistivity I 000 Qm 

«add = 2... 10 dB earth resistivity 30. ..300 Qm 

The lower values of the ranges given are applicable for lower/,/ 
products, the higher ior/.l given above. 

The information given above for <7a,aa is summarised in Table 1. 

5.1.2.2 Junctions of overhead lines with power cables result in an 
increased overall attenuation due to the mismatch loss at the junctions. 

The PLC equipments should be matched to the characteristic line-or 
cable impedance, respectively. Sometimes, special measures are necessary 
to improve the return loss seen by the PLC transmitter coupled to the 
overhead line. 

In the case of only one junction ( Fig. 4a ) the total attenuation 
atot in dB can be written in the following form: 

t^tot ~ (^L -\- ^cable + '^m 

The mismatch loss a^ is virtually independent of the frequency and 
is of the order of 

a^ = 5. .J dB 

In the case of two junctions ( Fig. 4b ) standing wave effects occur 
and the overall attenuation then becomes: 

'^tot ~ (^11 + '''cable + ai.2 + Sffm + flg 
ffg = additional attenuation due to standing wave effect. 

12 
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Note — The coupling arrangements shown herein apply only to horizontal line 
configuration. 

Fio. 3 Optimum Coupling Arrangements for Phase-to-Earth 

AND PhASE-TO-PhASE 

13 



IS : 952B ( Part 11 ) - 1980 



^CABLE 



T 




'LI 



(a) 

^CABLE 



'L2 



«- 



T 

T 



'm 



'm 



am — mismatch loss 

as — frequency dependent loss due to standing wave effects. 

Fig. 4 Junctions of Overhead Lines with Power Cables 

Due to the frequency dependent term Og the overall attenuation shows 
pronounced periodical fluctuations with frequency, particularly for small 
cable attenuations where a^ may vary between — 7 dB and -|- 5 dB. If 
the cable attenuation exceeds approximately 6 dB the fluctuations become 
less than ^ 1 dB and, therefore, may be neglected. 

The PLC sets at both line ends should be matched to the charac- 
teristic line impedance and again, it may be necessary to improve the 
return loss, thus reducing the risk of intermodulation in the transmitters. 

In the case of a single three-phase cable, mode convension takes 
place at both junctions, which is an additional loss over and above that 
due to the mismatch mentioned above. The calculation of overall attenu- 
ation becomes comp[ex and should be carried out by computer. This 
mode conversion does not occur with three separate single conductor 
cables. 
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5.1.2.3 Tapped lines may cause serious problems due to the mismatch 
at the Tee-point and standing wave effects on the untrapped tap-line. 
Without any additional means involved the line attenuation would norm- 
ally show accentuated peaks with a spacing of : 

where 

^f= spacing of attenuation peaks in kHz, and 

It = length of the tap in km. 

The most efficient means to overcome these attenuation peaks 
would be to trap all three phases of the tap-line at the Tee-point. 
Normally it is sufficient to insert a line trap into the phase conductor 
of the tap which carries the most signal power on the main Hne. It 
is important that the line trap is designed for a minimum resistive 
component Rq over the whole frequency band used in the system, 
rather than for a minimum ^q only. 

If the line trap cannot be installed at the Tee-point for some 
reason, there is also the possibility of inserting it at the far end of 
the tap. In this particular case the trapped phase conductor shall 
be terminated by the line impedance, thus requiring an additional 
coupling capacitor in the substation. 

5.1.3 Parallel Lines Entering a Station — A case that frequently occurs is 
where an existing line is diverted into a new substation built close to the 
line. The new station then has two parallel entries from the original line 
and the existing PLC channels shall also be diverted, either as through 
circuits which by-pass the new station or new PLC channels operating 
between the original PLC terminal ends and the new station. This new 
configuration may result in an increase in attenuation at cartain frequen- 
cies which can be overcome by introducing a phase shift network in the 
HF bridge at the new substation. 

5.1.4 Line Losses in Bad Weather Conditions — The propagation of carrier 
signals along the line is affected by rain, fog, snow and ice. In case of 
rain or fog^ the increase of attenuation is generally small, and can be 
neglected. 

In certain cases ( in industrial areas or near the sea shore ), a rain 
shower may produce a lower attenuation by cleaning the insulator surface 
of the power line. 

In case of ice the situation Is different since increase in attenuation 
may assume unacceptable values for the transmission link and shall be 

J5 
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considered by the planning engineer. Although it should be appreciated 
that overhead lines are rarely effected by ice over their total length. The 
increase of attenuation depends on the following: 

a) The configuration of the power line; 

b) The thickness of the ice sheath over the conductors; 

c) The ambient temperature; and 

d) The frequency of the carrier signal ( the higher frequencies are 
most effected ) . 

Hoarfrost and ice coating of the phase conductors may, under 
extreme conditions, cause the fair weather attenuation constant to be 
increased by up to 6 times for the affected sections of line. In the case of 
a 0*5 cm thick ice coating the attenuation constant is increased by a factor 
of 1-5 to 20 for frequencies above 300 kHz. Factors at the lower end of 
the range would apply for bundle conductors. For this reason it is recom- 
mended that for lines subject to icing the lowest carrier frequencies should 
be utilised. 

6. COUPLING LOSSES 

6.1 The coupling losses consist of those given in 6.1.1, 6.1.2 and 6.1.3. 

6.1.1 Losses in the Coupling Equipment and Carrier Frequency Connection — 
From IS : 8997-1978* the composite loss brought about by the quadripole 
made up of the coupling device and associated coupling capacitor (s) GVT 
shall not be greater than 2 dB over the whole of the available bandwidth. 
Generally, the coupling loss including dielectric losses in the coupling 
capacitor may be expected to be less than \b dB. 

Typical attenuation figures for carrier frequency connecting cables 
are I to 5 dB/km in the frequency range from 30 to 500 kHz. 

6.1.2 Tapping Losses — From IS : 8792-197Bt the tapping loss 
should preferably not exceed 2-6 dB, This loss corresponds to a line trap 
impedance 1-41 times the characteristic impedance of a line, 

6.1.3 Additional Losses — Where a number of PLC sets are connected 
in parallel to transmit and receive via common coupling equipment each 
set is subject to an additional coupling loss of O'5-l dB, due allowance for 
this should be made when carrying out the overall loss calculations on the 
link. 



♦Specification ior coupling devices for PLC systems. 
fSpecifjcation for line traps. 
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7. BY-PASS LOSSES 

7.1 The design of a high voltage network does not always correspond with 
the communication requirements of that network, in that the high freque- 
ncy channels are not always required to terminate at the same terminal as 
the power termination. In some cases the carrier channels are required to 
transmit over two sections of a line which may have a discontinuity due 
to the power system configuration. In other cases some channels are 
required to terminate at the mid-point whilst others are transmitted 
through this point. It is uneconomical from the point of view of cost and 
frequency planning to provide a full carrier termination to bring the whole 
circuit down to an audio basis and in these circumstances the conventional 
method of achieving this, is to provide a high frequency by-pass circuit. In 
order to do this and to prevent dangerous voltages from the live power 
line section being transferred from one side of the disconnected section to 
the other, by-pass circuits can be introduced which consist of normal 
coupling units built as band pass filters and simply interconnected by a 
co-axial or balanced pair cable with conventional line traps arranged in 
the usual manner. The pass band of this arrangement corresponds to that 
of the usual coupling arrangements. The additional attenuation introdu- 
ced by such a by-pass consists of the losses introduced by the coupling 
devices, line matching units, cable connections etc. Typical values are 
4 to 8 dB in the case of a through connected by-pass and 5 to 9 dB where 
there is a local connection. 

For phase-to-earth coupling an HF by-pass may introduce a much 
larger attenuation for certain frequencies due to the interaction of voltages 
arriving at the input of the second line through the by-pass and untra- 
pped phases of the intermediate substation. 



SECTION 3 NOISE AND INTERFERENCE 

8. PLC NOISE 

8.1 Power line carrier links are subject to two main types of noise as given 
in 8.1.1 and 8.1.2. 

8.1.1 Sustained white'iioise-like voltages {random noise ) caused by irreg- 
ular electric discharges across insulators and conductors ( corona, brush 
discharge ). 

Corona noise only approximates to 'white' since its amplitude tends 
to decrease as frequency increases. In addition, since the noise is generated 
during positive half-cycles of the line voltage, essentially it consists of 
bursts of trains of short pulses having a fundamental burst repetition 
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frequency of 1 50 Hz ( for a three-phase 50 Hz system ) . For practical 
purposes the noise can be considered white in the nominal carrier freque- 
ncy band in the 30-500 kHz range. 

Typical overall rms noise power levels, referred to the coupling point 
of the HV line itself are shown in Table 2. These figures are valid for 
adverse atmospheric conditions, and apply both for phase-earth and 
phase-to-phase coupling. 

TABLE 2 TYPICAL RMS CORONA NOISE POWER LEVELS, REFERRED 
TO A 4 kHz BAND WIDTH FOR VARIOUS SYSTEM VOLTAGES 

( Clause QA.l ) 

System Voltage, kV Noise Power 

<220 — 35...— 25dBm 

^220 —20 ..—10 dBm 

Corrections for different bandwidth ( BW ) can be made by using 
the following formula: 

AP mi ^^ ( kHz ) 
AP.^lOlog 4(bHz) 

Note — Considerable variations to the above figures are possible due to 
differences in the design parameters of the overhead line which result in differences 
in the voltage gradient at the surface of the conductors for similar line voltages. 
Other variations are possible due to the construction, altitude and age of the line, 
whilst the effect of weather can also be significant, for example, during mist and 
rain. 

Typical values of corona noise level are given in Fig. 5- 

8.1.2 Short Spikes and Burst of High Amplitude Caused by Operation of Isola- 
tors and Breakers and by Lightning, Flashovers and the Like — Atmospheric 
discharges caused by lightning consist frequently of a number of consecu- 
tive partial discharges in irregular sequence with a spacing varying bet- 
ween 8 and 400 ms. When lightning strikes the line or near the line 
( tower, ground wire ) the impulse-type noise voltages again have a high 
amplitude of the order of 35 dBu*. 

Flashover on a power system results in the production of broadband 
energy. In general, the onset of a fault is so rapid and the fault current 
so high that the arc path quickly becomes highly ionised. At the onset of 
the fault and before the arc is fully established the noise level on the high 
and extra-high voltage networks are of the order of + 25 dBu measured 
phase-to-earth in a 4 kHz bandwidth and have a duration of about 2 to 
10 ms. There are peaks of + 20 to + 40 dBu measured in a broadband. 
When the arc has become established the noise falls to a lower level of 
about — 15 dBu. 



*OdBu = 775raV(rms). 
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Remarks 

s.) Bandwidth 2-1 kHz ( speech 300 to 2 400 Hz ) 

b) Graph is drawn for a voltage gradient of 17 kVrms/cm, for a change in voltage 
gradient add i3'5 dBm/kVrms/cm, for dry weather conditions add— 17 dBm 

c) Corona noise levels will be less than values shown for 90% of the time. 

Fig. 5 Typical Corona Noise Levels for a Line Phase-to-Phase 
Coupling During Rain 

19 



IS t 9528 ( Part II ) - 1980 

The operation of circuit-breakers for energising and de-energising 
lines produce noise of magnitude varying from — 10 up to + 25 dBu in 
the 4 kHz bandwidth and having a duration of about 10 ms and with 
peaks of up to + 45 dBu or more^ measured broadband to the carrier 
equipment side of the coupling device. 

Normal switching operations involving slow speed isolators ( discon- 
nected ) may occur frequently. The interference so generated is charac- 
terised by high amplitude of the order of -f 35 dBu and relatively long 
duration, that is, 0'5 to 1-5 seconds, depending on the isolator design. 
The weak ionisation of the arc results in repeated restriking ( both on 
opening and closing ) which produces high amplitude trains of high 
frequency oscillations within the area of the station. These oscillations are 
coupled in the station to HV lines in various ways, for example, by 
direct coupling, by induction, by leakage or by the common earthing system. 

The information given above for impulse type noise is summarised 
in Table 3. 



TABLE 3 TYPICAL IMPULSE TYPE NOISE FROM DIFFERENT 
SOURCES - BANDWIDTH 4 kHz 




( Clause 8.12 ) 




SOTJRCIE 


Level 


Type of Noise 


Duration 


(1) 


(2) 


(3) 


(4) 




dBu 


pulses/s 


ms 


Lightning discharge 


+ 35 


1 to 40 
average 2 to 3 


up to 1 000 


Isolator switch 
busbar on or off 


+ 35 


300 to 900 


500 to 1 500 


Power breaker 
line on or off 
short circuit off 


+ 25 

+ 12 


1000 to 2 000 
1 000 to 2 000 


5 to 20 
5 to 20 


Burning arc 


— 15 


100 to 300 




Note — Subtract 4 dB for 2'5 kHz bandwidth. 





9. INTERFERENCE FROM EXTERNAL SOURCES 

9,1 Power line carrier systems can suffer from interference, particularly 
from other power line carriers operating elsewhere on the power network, 
by virtue of leakage and coupling of energy past the line traps. This 
effect has to be taken into account in planning any PLC installation and 
in recommending the choice of a particular frequency. Depending on the 
particular system design, energy from external sources such as open wire 
carrier systems and more particularly from MF and LF radio transmitters 
may be picked up and enter the carrier receivers. 
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10. POSSIBILITY OF INTERFERENCE 



10.1 The radio systems which could be involved in interference include 
maritime and aeronautical systems, broadcasting services and some systems 
operating in the MF and LF bands. One major category is that of aids to 
navigation such as the OMEGA, DECCA and CONSOL guidance systems 
and approach locators at airports. Some services necessitate protection of 
very w^eak signals, particularly when human life is at stake. The necessary 
protection can be assessed by appropriate frequency and geographical 
operation. This can be achieved by continuous co-operation and consulta- 
tion between appropriate services. 

in many cases the signal ratios required for proLection are laid down 
by the appropriate Governmental authority based on international 
regulations* with a view to protecting radio services. One may gain an 
idea of the protection afforded, if one notes that, at the limit of the normal 
area of use of aeronautical locators ( ranging generally from 25 to 
100 km ), the signals received from the locator is required to be greater 
than -f- 37 dB in relation to 1 /iV/m and that there is to be a ratio of 15 
dB between the locator signal and any interfering signal at the same 
frequency. 

SECTION 4 PERMISSIBLE SIGNAL/NOISE RATIO 

11. SPEECH 

11.1 For speech transmission a signal to noise ratio of 25 dB, psophometri- 
cally measured, under adverse weather conditions would be considered 
acceptable for design purposes. For the majority of the time during 
normal operating conditions, the signal-to-noise ratio at the input of the 
receiver, will be about 30 to 40 dB. With the use of compandors the 
subjective improvement introduced equals approximately 15 dB and the 
signal-to-noise ratio at the LF output will be higher, that is, 50 dB. 

12. SIGNALLING 

12,1 For the FSK signalling channels up to 200 Bd a signal-to-noise ratio 
of about 15 dB under abverse weather conditions would be considered 

13. PROTECTION 

13.1 For the transmission of protection signals, in contrast to speech and 
VFT transmission, it is not the corona noise level that has to be taken 
into account but the impulse noise level during the fault condition. The 

*ITU Radio Regulations ( RR ) and Annex 10 to the ICAO Convention. 
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necessary S/N ratios depend on the type of protection signal transmission 
used in each case and therefore cannot be specified. 

The impulse noise level is generally higher than the signal level and 
consequently broad band transmission systems can be used to advantage. 

SECTION 5 PLC TERMINALS 

14. MODULATION 

14.1 The following modulation methods are currently in use for PLC 

systems. 

14.1.1 Double Sideband Amplitude Modulation — This method used in the 
early days of PLC transmission is not so prevalent today because of the 
large bandwidth requirement for a given number of channels. 

With the application of PLC to higher voltage power systems having 
higher corona noise and to large communication networks it has become 
necessary to adapt a modulation method offering an improved frequency 
spectrum utilisation with the added advantage of achieving an improved 
signal-to-noise ratio. 

14.1.2 Frequency Modulation (FM) — The advantages usually associated 
with an FM system are not generally realised in the case of PLC because 
of the restricted frequency spectrum available ( that is, as compared with 
equivalent SSB systems ). 

FM produces sidebands which can interact and the effects may be 
difficult to eradicate in the case of PLC systems. 

14.1.3 Single Sideband Amplitude Modulation — Single sideband ampli- 
tude modulation is the system most used for present day applications. 
Recommended values for such terminals are given in IS : 9482-1980*. 

This modulation system is generally not subject to the detrimental 
effect of carrier 'corona modulation' and permits the concentration o£ the 
available transmitting power to the speech and multiple signals in the 
upper or lower sideband. 

Single sideband modulation can be used with reduced or suppressed 
carrier. 

The advantage of SSB systems with reduced carrier is that it pro- 
duces zero error in the reconstituted VF. ( The use of such systems is 

•Characteristic values of inputs and outputs of single sideband PLC terminals. 
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particularly convenient in networks with telemetering and data trans- 
mission operating with two or more transmission sections in tandem ). 

The advantage of SSB systems with suppressed carrier is the higher 
availability of frequency space and additional power for other signals. 
( The problem of frequency deviation in the reconstituted VF band can 
be overcome by careful cerrier oscillator design. ) 

15. CHANNEL SPACING AND PARALLELING OF PLC 
TERMINALS FOR SSB OPERATION 

15*1 The available of range for PLC operation is divided into nominal 
carrier frequency bands { B ) of 4 or 2'5 kHz. 

In order to get the optimum use of the available range, the frequency 
spacing between transmitters or receivers or both is equal to n x B, where 
« is an even number^ n depends essentially on the design of separation 
filters. 

Further information for different cases is given in 5.1.1 and 
5.1.2. 

15.1.1 Duplex Operation 

a) Single 'Channel terminals — For a duplex link, two nominal carrier 
freouencv bands are renuired. The transmitter and receiver bands 
may be either adjacent or with a frequency spacing of n x -6 
where « ^2. 





Tx 






Rx 












— ^. 


B 


H 


1- 


B 


■^ — 



ADJACENT BANDS 



n X B 



n ^ 2 
WITH BAND SEPARATION 
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b) Multi-channel terminals — As an example for one twin-channel 
duplex link, four nominal carrier frequency bands are necessary. 
Two channels are placed side by side in each direction. The 
frequency spacing between the channel pairs is equal to n x B 
where nS4. 





T 


X 








R 


X 


















B H 


1- B 




n X B 




R -1 


b- n 




— ^ 


^ 


n ^4 




D "Y -. 1^ 



15.1.2 Minimum Frequency Spacing of Terminals at a Location 

a) Several terminals connected to the same coupling device 

1 ) Single-channel terminals — For neighbouring transmitters, or 
transmitters and receiver, or receivers, the frequency spacing 
shall be equal to n x 5 where n >2. 

2) Twin-channel terminals — For neighbouring transmitters or 
receivers, the frequency spacing shall be equal to « X -B 
where n^2. 

The frequency spacing between neighbouring transmitter 
and receiver shall be equal to n X B where n^4. 

3) Multi-channel terminals — For multi-channel terminals, the 
necessary frequency spacing depends on the equipment 
configuration. As stated above, it depends essentially on the 
design of: sparation filters. 

A convenient rule for frequency planning is to choose n 
equal to the number of channels per terminal ( if this 
number is odd, the frequency spacing is n + 1 ) . 

b) Coupling several terminals at a location to power lines going out in 
different directions at a station without HF by-pass — If the station 
attenuation is of the order of 15 dB, the following rules apply: 

Transmitter 1, direction jVand transmitter 2, direction S can 
be placed side by side without channel spacing. Receiver 1, 
direction M and receiver 2, direction S can also be placed side by 
side without band spacing. 

Transmitter 1, direction JVand receiver 2, direction iS" should 
preferably be kept apart by a frequency spacing equal to n X B. 
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16. SENDING POWER 

16.1 General — From IS : 9482-1980* and taking into account the deHni- 
tions contained therein, the ratio between peak envelope power and mean 
power will depend on all factors influencing the multiplex signal ( speech 
level, presence or absence of a compandor, number, type and level of 
signal, etc ) . For information purposes the ratio may be assumed to lie 
between 85 and 10 dB under average service conditions. When the 
speech channel is loaded with test tone the ratio may be as low as 35 to 
5dB. 

16.2 Power Limits for PLC Transmission — In order to minimise 
the interference from conventional PLC systems to other communications 
systems the maximum power injected to line may have to be limited. 

Note that the above quoted level refers to the mean carrier freque- 
ncy power. The transmit power at the equipment output may be higher 
than this by the amount of loss of the coupHng system ( typically 5 dB ). 

Special regulations may apply for normally quiescent PLC protection 
systems, or for PLC systems with temporary boosting of protection 
channels. 

17. POWER ALLOCATION 

17.1 In multipurpose carrier systems the available transmitter power shall 
be carefully allocated to the different types of signals. The allocation is 
determined by the following properties of the individual sub-channels: 

a) Noise-bandwidth, 

b) Required signal-to-noise ratio, and 

c) Method of modulation. 

17.1.1 Based on the assumptions that 

a) the sum of the voltages of all individual sub-channels at carrier 
frequencies is equal to the voltage corresponding to the peak 
envelope power (PEP ) of the transmitter; 

b) the speech limiter rise is dB ( for limiters allowing other 
increases in the speech-channel level, a suitable allowance shall 
be made in the power allocation ); 

c) FM is used for all signalling channels; and 

d) the operating range for all sub-channels should be equal ( accor- 
ding to Section 4 a minimum signal-to-noise ratio of 25 dB for 
speech and 1 5 dB for binary signalling channels is required ) . 



♦Characteristic values of inputs and outputs of single sideband PLC terminals. 
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17.1.2 Using a 50 Bd FSK channel as a reference, the power allocation 
can be calculated as follows: 



10 log [".v*^+ Vlf Vlf V^-IT 



■i r — f PEP 

where 

Pj = signal level of the reference channel in dBm, 

PpEP= peak envelope power of the transmitter in dBm, 

Bj = noise bandwidth of the reference channel in Hz, 

Kgi = number of subchannels of a given transmission speed i ( see 
Table 4 ) 

Bs[ = noise bandwidth of subchannel of a given transmitter speed 
i in Hz, 

Bis = noise bandwidth of telephone signalling channel in Hz, 

Bio = noise bandwidth of the reduced carrier in Hz, 

Ba = noise bandwidth of the speech channel in Hz, and 

A — iA S/Nmtn (speech) — S/Nmm ( sign.ch ) 
10 

For example, S/Nmin ( speech ) = 25 dB ") 

o ,ivT / ■ u , 1 c jr> '' -^^^ Section 4 

S/Nmm (sign.ch) = 15dBj 

Assuming ^ = 10 without compandor, 
A = I with compandor, 

the level of all sub- channels can be calculated from Rj. as shown in 
Table 4. 

17.1.3 A typical calculation for a PLC equipment is given in 
Appendix A. 



26 



IS: 95:28 ( l>art tl } - 1980 



TABLE 4 



LEVELS OF SUB CHANNELS 




{Clause 17.1.2) 






Noise Band- 
width B ( Hz ) 


Level ( dBm ) 


Without 
Compandor 


With 
Compandor 


80 


Pr 


Pr 


80 


i'r-i-O 


Pr + 


160 


Fr +3 


Pt + 3 


240 


Pr+ 5 


Pr + 5 


320 


Pr +6 


Pf + 6 


900 


Pr + 10-5 


Pr + 10-5 


To be stated by 
manufactu- 


Pr+ 


Pr + 


rer, typic- 
ally : 80 






To be stated by 
manufactu- 


Pr + 4 


Pr + 4 


rer, typic- 
ally : 200 






1 700 


Pt + 23 


Pr+ 13 


2 100 


Pr + 24 


Pr -1- 14 


3 100 


Pr + 26 


Pr-t- 16 



SUB-OHANNEL 



Reference channel ( 50 Bd ) 

t = 50 Bd 

i = 100 Bd 

i = 200 Bd ( 360 Hz ) 

i = 200 Bd ( 480 Hz: ) 

i = 6G0 Bd 

Telephone signalling channel 



Reduced carrier 



Speech ( 300 to 2 000 Hz ) 
Speech ( 300 to 2 400 Hz ) 
Speech ( 300 to 3 400 Hz ) 

Note — By the conservative procedure of summing sub-channel voltages 
instead of powers any overloading of the transmitter and, therefore^ intermodulation 
problems are avoided. As a result, the mean power of the multiplex signal may be 
considerably below the PEP. If instantaneous overloading of the transmitter can be 
accepted, more power can be allocated to all or some of the sub-channels, thus 
improving their S/N ratios. Special power allocation for teleprotection signals may 
be necessary for reasons given in 12. 



SECTION 6 PERMISSIBLE LINE LOSS 

18. CALCULATION OF LINE LOSS 

18.1 The permissible line loss under adverse conditions is given by: 



^li max = -P r — ^ cor ~ "/-^mln ~ <^conpl 

imitted signal level o 
terminal output {see 11 )^ 



where 

Pj = transmitted signal level of the reference channel at the 



P*f.Q^ = corona noise level within the bandwidth of the reference 
channel {see^)^ 
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SI Ar™i« = miniTTiutn accentable S/N ratio for riata sicmallintr 

' i" ' 1U4U 4 J --0 O 

channels ( see 17 ), and 
flcoupi = coupling loss at one line end ( see Section 2 ). 



Example 1 

PLC — terminal 

Line voltage 
Coupling 

From 8 



nominal output power = + 40 dBm ( PEP ) 

suppressed carrier 

operation mode speech only ( 300.. .2 400 Hz ) 

400 kV; /'cot ( 4kHz ) = - 10 dBm 

coupling loss ffooupi = 5 dB 

P*..„r = - 10 + 10 log (tI^^) = - 27 dBm 



eor~ ^"T » ^4 000 Hz 

From 12 : ^/^^mm = 15dB 

a) Without compandor: 

From 17 : Pr = + 15 dBm 

therefore : aj, max «= Pr — P*cot — ^l-^mia — <»coopi 

= + 15 — { -27) — 15 — 5 
fl L max = 22 dB 

b) With compandor'. 

From 17 : P, = + 24 dBm 

therefore : ax, max =31 dB 



Example 2 



PLC 



Line voltage 
Coupling 
From 8 
From 12 



terminal : Nominal output power = -f 40 dBm ( PEP ) 
reduced carrier : B^q = 200 Hz 
operation mode : speech -f data 

300...2 400HZ + 9 X 50Bd 

400 kV; Poor ( 4 kHz ) = — 10 dBm 
coupling loss aconpi =*= 5 dB 
P*j,or = — 27 dBm 
SlJ^mm == 15 dB 



a) Without compandor: 
From 17 : Pr = + 1 1 dBm 

therefore : at max = 18 dB 
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b) With compandor: 
From 17 '■ Pi = + 15*5 dBm 

therefore : cl max = 22'5 dBl 

The permissible line loss found is calculated in extremely adverse 
weather conditions, that is, conditions that produce the poor S/N ratios 
stated. 

Therefore, the line loss to be taken into account in designing the 
PLC link ( and to be compared with the values calculated for the line 
under consideration ) has to be lower by some dB than the permissible 
line loss, as the line losses obtained from formulae are for normal condi- 
tions without taking icing and bad weather conditions into consideration. 

The transmit power of PLC terminals may be increased if larger line 
losses are expected or calculated, in order to ensure adequate transmission 
performance. 

For high voltage lines with a corona noise level lower than that 
assumed as a basis for calculation, the permissible line loss may be 
increased. 

Variations in the power network configuration may occasionally 
increase the line losses of a PLC link by some dB. 

Because of line loss variations from, say 10 to 60 dB, it is necessary 
to provide PLC receivers with an efficient automatic gain control, to 
maintain a constant output level at the VF side. 



SECTION 7 POWER SUPPLIES 



19. CHOICE OF POWER SOURCE 

19.1 The continuity of information transmitted over a PLC link shall be 
assured for all emergency conditions of the power system. Hence the 
power supply for PLC terminals cannot be taken directly from the mains 
network, but shall be derived from a storage battery, especially installed 
for telecommunication purposes. The use of station batteries is not 
recommended because of the possible range of variation of battery 
terminal voltage and the fact that such batteries are commonly subject to 
transient^overvoltages produced by the operation of switchgear. 

The storage battery generally installed for local telephone exchange 
facilities is much more suitable for this purpose. Such a battery shall have 
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adequate capacity to feed all the telecommunication terminals and local 
exchange facilities for the longest likely period of shut down of the 
primary energy source. 

Where alternative primary supplies are available, 1 to 3 hours 
standby may be sufficient and other supplies, for example, diesel 
generator, may not be necessary. 

A 48V ( 50V ) positively earthed lead acid battery is recommended 
since 48V is almost universal for PAX operation. 

It is feasible, however, to use a single static inverter to provide ac 
supplies to the carrier sets at a location and this inverter could operate 
from the station battery. 

The station low tension ac supply would be used as an emergency 
supply to the carrier sets in the event of an inverter failure by means of a 
high speed, no break switching arrangement. 

Alternatively, low voltage ac supply can be used normally switching 
over to inverter-fUOT-battery as emergency supply. 

Is is considered to be good practice to feed the storage battery by 
means of a regulated rectifier to provide a constant voltage during the 
normal working period and to ensure a lo.ng life for the battery. After an 
emergency discharge the same rectifier will re-charge the battery with a 
constant current to reach a top voltage of approximately 2'4 V per 
element and then the charge will continue at constant voltage. As it is 
dangerous to maintain this high voltage for a long time, it is recommended 
to restore the voltage to approximately 2*2 V per element after the 
charging current decreases to about 20 mA/Ah. This operation is 
generally provided by a current measuring relay. 

SECTION 8 MEASUREMENTS 

20. GENERAL 

20.1 To get an objective picture of the performance of a power line carrier 
link, a number of measurements are required especially during the initial 
line-up of a PLC-link or when re-arranging a carrier network. 

The different measurements described endeavour to take into account 
the practical difficulties at the place of installation. 

The measurement of impedance may be made either by a current- 
voltage method or by a bridge-method, providing that a selective measur- 
ing set is used. 

Note — The current-voltage method is cumbersome in practice, because of the 
need to calculate. 
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Certain characteristics will change with the weather prevailing at 
the time of measurement. Rain will increase the noise-level and icing the 
attenuation. The attenuation will also change due to the alteration of the 
djh ratio of the line when the temperature of the overhead line conductors 
change. 

Measurement of these properties cannot normally be done with the 
instruments built into PLC terminal. These are generally required to 
check the operating values of the PLC equipment at regular intervals to 
detect the deterioration in the performance of a carrier-link with time. 
The instruments required for lining-up and detailed investigations of PLC- 
circuits are listed in Appendix B where their general specifications are 
given and method of application described. 

21. MEASUREMENTS OF TOTAL TRANSMISSION PATH 

21.1 Measurements Made at the Carrier-Terminal Ends of 
Carrier Cables ( see Fig. 6 and 7 ), 

21.1.1 Input Impedance — For optimum performance the impedance at 
the input of the carrier cable should match that of the carrier terminal as 
close as possible. However, since coupling devices with broad-band 
characteristic have come to be standard, a frequency dependent complex 
impedance will be measured when connected to the power line. Therefore, 
exact matching of the coupling device will not be achieved over the total 
bandwidth. 




Fig. 6 Arrangement for Measuring the Input Impedance Zj 
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The input impedance ( both ohmic and reactive component ) can 
be measured by employing the method indicated in Fig. 6 if the available 
instrument does not permit direct measurement. A prerequisite is that R is 
negligible compared to Zi' 

The measurement and determination should be carried out as 
follows: 

Calculate | Z\ \ from the voltage levels Vi and V^ with capacitor 
Cn short-circuited and | Zi I with Cn in circuit. 

Ui 1 , Ka 1 =10 exp^^-^-Ia, R^ 

Vi, Fa = voltage level in dB 

dBu = 775 mV rms 

Note — The capacitor Cs should be chosen in such a way that \ ^c I is of the 
order of | ^i ] . 

To cover the whole range of carrier frequencies and impedances, a 
capacitor of 1 nF...100 nF will generally be necessary. 

Now, both the ohmic ( Ri ) and reactive ( X^ ) component of Z\ can 
be calculated: 

Zi = Ri^JXi 



x,= 



2Kcl 



To get an overall picture, measurements should be taken at different 
frequencies within the pass-band of the coupling device. 

21.1.2 Attenuation of Transmission Path — Using the measuring 
arrangement of Fig. 7 the transmission loss of the total circuit will be 



^tot = P,-P,-\0 log ^ A| _ 6 dB 



The last term ( — 6 dB ) has to be disregarded in those cases where 
the test oscillator has a built-in matching resistor /?i because level Pi 
indicated by the built-in instrument takes the 6 dB reduction into 
account. 

The transmission loss is one of the factors that decides the S/N ratio 
of the carrier link. It is, therefore, advisable to take measurements over 
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Fig. 7 Arrangement for Measuring the Totai 
Transmission Loss ato« 
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the whole freqilency range passed by the coupling circuits to detect 
possible attenuation peaks. The effect of line traps and losses introduced 
by stations can also be checked by repeating the measurements under 
different switching conditions, for example: 

a) HV-line open at both ends, 

b) HV-line earthed at both ends, and 

c) HV-line connected to station busbar at both ends. 



APPENDIX A 

[Clause \1A.3) 

TYPICAL EXAMPLE SHOWING CALCULATION FOR 
A 4 kHz PLC EQiUIPMENT 



A-1. LINE DATA 

a) Single circuit, horizontal 

b) Line voltage 

c) Line length 

d) Transpositions 

e) Phase conductors 



: 400 kV 
: 390 km 
: 2, at 130 km and 260 km 



f ) Ground wires 



g) Coupling arrangement 



twin bundle : n 

conductor diameter : do 

suspension height : Ag 

sag : s 

conductor separation : d 

:2 

conductor diameter 
suspension height 

phase-to-phase 



= 2 

== 31-8 mm 
= 20-6 m 
= 11-8 m 
= 11-5 m 

= ll'Omm 
= 290 m 



A-2, CHANNEL REQUIREMENTS 

a) Speech channel 

b) Telephone signalling channel 

c) Data signalling channels 



300. ..2 400 Hz 
Bts = 80 Hz 
; 2 X 50 Bd 

1 X 200 Bd ( 480 Hz channel 
spacing ) 



M 



IS:9528(Partn)-1980 

A.3. PLC TERMINAL 

a) Nominal c, f. band : 4 kHz 

b) Type of modulation : SSB, reduced carrier 

c) Nominal c. f. power : + 43 dBm, PEP 

d) Reduced carrier : Bj^ = 200 Hz 

e) Carrier frequencies : 96/ 100 kHz 

A-4. POWER ALLOCATION WITHOUT COMPANDOR ( see 17 ) 

P, = P.^ - .0 log [.«^5+ ^1+ y/^+ ^If^ ] 



^200 
80 



4- . /,n 2 100T 



= + 43 — 27-15 ^ 16 dBm 
Pj = + 16 dBm 
/>5o = + 16 dBm 
P200 = + 22 dBm 
Pts = + 16 dBm 
p„ = + 20 dBm 
Pa =4-40 dBm ( test-tone ) 

A-5. LINE ATTENUATION 



-<*c I "auu 



A-5.1 Attenuation Constant of Lowest Loss Mode 

ai = 0-023 dB/km 

A-5. 2 Model Conversion Loss 

From Fig. l{d) : a^ = dB 

A-5.3 Additional Attenuation 

From (d) of Table 1 : a^aa = Q..a0 dB 
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depending on ground resistivity, carrier frequency and the djh ratio, 
providing l.fmax = 0'5x 10^ km, kHz at line voltages>330 kV. In this 
particular case : /./max —390 x 104 =- 0'4l X I0%m. kHz 

A-5.4 Line Attenuation 

a^ = «iJ + 2cfl + ffadd -= 0-023 X 390 + 2 X + ( 0...10 ) 
fli. = 9 19 dB 

From the line data given in A-1, the average conductor height above 
ground can be calculated: 

h = he — 0-ls = 20-6 - 0-7 X 11-8 = 12*3 m 

The djh ratio ( d = horizontal separation between adjacent conduc- 
tors; h = average conductor height above ground ) becomes; 

' 12-3 m 

This djh ratio is higher than one would expect for a line of this 
voltage and thus, the figures for a^^a given in d of Table 1 should be 
verified against a computer calculation. This computer result shows that 
for an earth resistivity of 300 £2m, aj^a = 20 dB instead of . 10 dB 
as stated above, and this indicates that with these parameters a 
condition of modal cancellation is being approached. Therefore, lower 
carrier frequencies have to be chosen: 

For example, 80/84 kHz 

For these frequencies a^^a =■ 10 dB and the line loss becomes now: 

flL =- ai./ + 2<Zo + *«afld = 8 + + 10 

ai. == 18 dB 

The overall loss of the PLC link becomes: 

fltot = 01 + 2acoupi = 18 + 2 X 3-5 •= 25 dB 
otot «= 25 dB^ 

A-6, NOISE LEVEL UNDER ADVERSE WEATHER CONDITIONS 

(seeB) 

From Fig. 5 the corona noise level in the speech band ( JS^ = 2*1 
kHz ) will be of the order of: 

Pcor (21 kHz) = — n dBm 
and therefore the corona noise level in the reference channel: 
P*cot - — 25 dBm 
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Ai7. S/N RATIOS ( WITHOUT COMPANDOR) 

Reference channel: 

SlJ^xel-ch- = Pt — P*cot ~ «L — ''coapl 

= 4- 16— ( — 25) — 18 — 3-5 

■ y/^Vref ch- = 195 dB . 
Speech channel: 

^/^speech = ^a ~ ^cor ( 2-1 kHz ) — a^ ~ flcoupl 
= + 40 _ ( _ 11 ) _ 18 — 3-5 

SlKveecn - 29-5 dB 

These figures illustrate that the quality of the PLC link is acceptable 
but could be improved by the use of compandors. 

A-8. POWER ALLOCATION WITH COMPANDOR ( see 17 ) 

.. = + .":L,\^ vi + . VP+ VaT+ Vf + 



^ 



2_100T 

8b J 



^ + 43 _- 21-37 ^ + 22 dBm 

Pr = + 22 dBm 

P50 = + 22 dBm 
Pm = ^- 28 dBm 

Pts - + 22 dBm 
Pj.^ == + 26 dBm 
Pa = + 36 dBm 

A-9. S/N RATIOS ( WITH COMPANDOR ) 

Reference channel: 

'Sl'^iet-ch- = Pr — P*cOT — ax — flcoupl 

= _^ 22 — { — 25) —18 — 3-5 
' S'/^'V^Tefoh- = 25-5 dB 
Speech channel: 

Assuming a compandor gain of approx. 15 dB the subjective .S'/./V 
ratio is; 

^ y/.A'speech = 40 dB 
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APPENDIX B 

( Clause 20.1 ) 

INSTRUMENTS SUITABLE FOR PLC TESTING 



Instrument 



Application 



I) 



HF-tr ans 
mission 
Measuring Set 
(Transmitter 
and Receiver) 



Measurement of levels, 
attenuations, amplific- 
ations, impedances in 
the HF range from 
approx. 10 to 600 kHz, 
wideband or selective. 
Transmitting of stand- 
ard levels. 
Noise measurement. 



Specification 

Transmitter: 

Frequency: cont, adjust. / = 
10 to 600 kHz 
fine adjust. /= rb 5 kHz 
Frequency error: 5% 
Output impedance ( switch- 
able ): 75, 100, 150, 600 Q 
( <3 )Q. symmetrical 
Output level: — 60 to + 20 
dBm in steps 
fine adjust: 20 dB cont. 

Level receiver: 

Frequency range : 10 to 600 
kHz 

Measuring range, wideband: 
— 60 to + ^^0 dBm 
Measuring range, selective: 
~80 to + 40 dBm 

Bandwidth for selective 
measurements (3 dB J : 
fx ± 40 Hz 

Stopband attenuation: 

60 dB at fx ± 300 Hz 

Non-linear distortion atten- 
tuation>70 dB 

Input impedance ( switcha- 
ble }:75, 100, 150, 600, 6k Q. 
symmetrical 

Measuring error; ^ 0-2 dB 



( Continued ) 
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Instrument 



2) 



VF-T r a n s- 
mission 
Measuring set 
(Transmitter 
and Receiver) 
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I' 
Application Specification 

Transmitter: 

Frequency: cont. adjust, from 
200 to 4 000 Hz 
Frequency error: 3% 
Output impedance ( switch- 
able ( <6 Ohms ), 600 
OhmSj symmetrical 
Output level: — 40 to + 10 
dBm in steps 
fine adjust: 15dB continuous 



Measurement of levels, 
attenuations, amplific- 
ations, and impedances 
in the vf-range from 300 
to 3 400 Hz. Transmi- 
tting of standard levels 
Wide band. 
Selective. 
Psophometric. 



Receiver'. 

Frequency range: 200 to 
4 000 Hz 

Measuring range, Wide- 
band: — 70 to ± 20 dBm 
Input impedance: switch- 
able 6 kQ, 600Qs, symmetr- 
ical 
Measuring error: ±0'2 uB 
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